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genotype 2 (GT2) and genotype 3 (GT3), particularly subtypes 1a, 1b, 2a and 3a, are extensively distributed globally. [2] In the 70s and 80s, these subtypes termed 'epidemic subtypes' were likely spread through transfusion of contaminated blood and blood products and from drug abusers. Many other HCV subtypes termed 'endemic subtypes' are relatively uncommon and are circulation for a longer time in more restricted areas. [3, 9] Genotype 4 (GT4) is prevalent in Central and North Africa, and genotype 5 (GT5) is found mainly in South Africa. Genotypes 6 (GT6), which is responsible for 1.4% of all HCV cases worldwide, is predominant in Southeast Asia. A new genotype, genotype 7 was identified from a Central African migrant in Canada. [3, 10] Globally, the distribution of HCV genetic variations has probably been affected by global travel increasing, migration between countries and historical events. [6] New direct-acting antiviral therapies, which target HCV gene products, such as the NS5B RNA-dependent RNA polymerase, the NS5A phosphoprotein and NS3 protease, were revolutionised with minimal side effects, shortened duration of therapy and sustained virological response rates of 60%-100%. [9, 11, 12] At present, selection of a new direct-acting antiviral regimen, duration of treatment and sustained virological response still depend on the HCV genotype and subtype. [12] For this reason, the development of specific national treatment strategies requires knowledge of regional HCV genotype distribution. Until pan-genotypic treatments are developed, sustained virological response, treatment duration and treatment cost will be impacted by the genotype distribution. In addition, curing a greater proportion of patients with specific genotype by the new direct-acting antiviral therapies can affect the distribution of genotypes in the future. For this reason, the relative prevalence of the genotypes that are more difficult to treat might increase.
There are limited data that reflect the epidemiological changes of HCV in Istanbul, Turkey. Therefore, the aim of this study was to determine the distribution of HCV genotypes in patients with HCV admitted to a university hospital in Istanbul, Turkey and to evaluate the changes in the distribution of genotypes during 4 years. An additional purpose was to determine whether there is an association of genotype with gender and age.
matErials anD mEtHODs

Study population
This study included 412 HCV RNA positive patients who were performed HCV genotyping at the Division of Virology and Fundamental Immunology, Department of Medical Microbiology, Istanbul University, Istanbul Faculty of Medicine, Turkey between January 2013 and September 2016. Ethical approvals were obtained from the Ethics Committee of Istanbul Faculty of Medicine (reference number: 11/09.06.2017).
Hepatitis C virus RNA extraction, reverse transcriptase polymerase chain reaction and amplification of hepatitis C virus 5' UTR region
HCV RNA was extracted from plasma sample by the Qiagen extraction kit (Germany) according to the manufacturer's protocol. The RNA pellet was reverse-transcribed to complementary DNA (cDNA) and polymerase chain reaction (PCR) was used in the amplification of the 5' noncoding region of the viral genome that is very well protected for genotyping. cDNA and PCR reaction was performed by a one-step reverse transcriptase PCR (RT-PCR) using HCV PM BIO kit (AB Analitica, Italy). To determine the amplified PCR products, agarose gel electrophoresis was applied.
Hepatitis C virus genotyping
Genotyping of HCV of the study population was performed by a commercial reverse hybridisation line probe-based assay (AMPLIQUALITY HCV-TS, AB Analitica, Italy). Six main HCV genotypes and major HCV subtypes (genotype 1, 2, 3, 4, 5, 6 and subtype 1a, 1b, 1a/1b, 2a/2c, 2b, 3a, 4a, 5a, 6a or 6b) can be identified by this assay. Hybridisation of PCR products to membrane-bound genotype-specific HCV sequences is enzymatically revealed. The resulting bands were interpreted according to the manufacturer's instructions. In addition, our laboratory has participated the external quality assessment programme for genotyping assay.
Statistical analysis
Statistical analysis was performed using Software SPSS 21 (SPSS Inc., Chicago, Illinois, USA). Chi-squared and Fisher's exact tests were used for qualitative variables. The Mann-Whitney U test was used for variables with non-normal distribution, which was determined by the Kolmogorov-Smirnov test. Comparison of HCV RNA levels among genotypes was performed by Kruskal-Wallis test. P < 0.05 was considered as statistically significant.
rEsults
The study population consisted of 412 patients, with a mean ± standard deviation age of 52.84 ± 15.69 years, range 2-82 years. As shown in Figure 1 , GT1 (82.5%) was the most common genotype, followed by GT3 (10.7%), GT2 (4.6%) and genotype 4 (2.2%). Among GT1 patients, subtype 1b was 38.8% and subtype 1a was 6.3%, but subtyping in 37.4% of the samples could not be determined by the current genotyping method. Distribution of HCV genotypes according to demographic and virological characteristics of the patients is shown in Table 1 . Within GT2, subtype 2a, 2a/2c and undetermined subtype were 0.2%, 1.5% and 2.9%, respectively. Among GT3 patients, subtype 3a and undetermined subtype were found 8.7% and 1.9%, respectively. Subtype 4a and undetermined subtype within GT4 were detected 0.5% and 1.7%, respectively. Genotypes 5 and 6 were not found in the study population. The infection caused by more than one genotype at a time was not detected.
The study population consisted of 192 (46.6%) males and 220 (53.4%) females. The distribution of genotypes between genders of the patients was significantly different (P = 0.006). GT1 and GT2 were more prevalent in females whereas GT3 and GT4 were more prevalent in males. The median age of the patients among genotypes groups is shown in Table 1 . The median age of the patients in GT3 group was significantly lower than GT1 and GT2 groups (P < 0.001 and P = 0.019, respectively). The median age of the patients with subtype 1b was significantly higher than the patients with GT2, GT3 and GT4 (P = 0.031, P < 0.001 and P = 0.020).
Distribution of genotypes according to years is shown in Figure 2 . The frequency of non-1 genotypes was found higher in 2013 and 2014 years than in 2015 and 2016 [ Figure 3 ].
DiscussiOn
The distribution of HCV genotypes shows differences worldwide. Globally, GT1 is the most common genotype accounting for 49.1% of all HCV infections among adults, followed by GT3 (17.9%), GT4 (16.8%), GT2 (11.0%), GT5 (2.0%) and GT6 (1.4%). [3] Since the discovery of HCV, GT1 has become most common genotype worldwide due to subtypes 1a and 1b are associated with the global dissemination as a result of using infected blood and blood products. The international dissemination of GT3 is believed due to subtype 3a is associated with injection drug use and migration from the countries such as India and Pakistan where subtype 3a is dominant. [13] GT1, the most prevalent genotype in developed countries, is also the most prevalent worldwide and well respond to the second generation direct-acting antiviral therapies with the viral eradication rates of >90%. [3, 9] In Turkey, GT1 has been reported to account for the vast majority of HCV infection, with prevalence ranging 51.7%-97.1%. [14, 15] As similar to other data in our country, in the present study, GT1 was the most common genotype (82.5%). Subtype 1b is the most prevalent subtype in Turkey, with prevalence ranging 56.5%-100%. [5, [16] [17] [18] In this study, it was determined 38.8% subtype 1b, 6.3% subtype 1a and 37.4% undermined subtype within GT1. Along with high undetermined subtypes in GT1, the low rate of subtype 1b in this study reflected the lowest rate in Turkey. Although DNA sequence analysis for HCV genotyping is the gold standard, multiplex real-time PCR with genotype-specific primers and commercial tests based on the line probe reverse hybridisation assays are preferred in the routine diagnostic laboratories, since DNA sequence analysis is laborious and time-consuming. [17] The subtyping analysis based on 5' UTR, on a short part of the genome, may not discern subtypes due to insufficient sequence variation in these highly conserved regions. [4, 9, 19] This information may explain the high rate of undetermined subtype within GT1 in the current study. Kabakçı Alagöz et al. [4] could not determine HCV genotypes of twenty patients by phylogenetic analysis of 5' UTR sequences. In the study, it was revealed that the samples that remained undetermined by analysis of the 5' UTR sequences belonged to subtype 1b by analysis of NS5B and E1 sequences. It was suggested that this result supports the limited success of subtyping analysis based on 5' UTR.
The events causing social changes such as war and migration, the increasing population mobility and various transmission routes affect the epidemiology of infections. [20] GT3, the second most prevalent genotype, particularly in Europe, more common among intravenous drug users, is not susceptible to the first generation of direct-acting antiviral protease inhibitors and also is less susceptible to sofosbuvir, which the most advanced second-generation direct-acting antiviral therapy to date, than other genotypes. [3, 9, 15] There are also important differences in GT3 distribution in Turkey. In a study carried out with samples obtained from seven regions of Turkey, GT3 rate was detected 6.7%. [5] In a study in Antalya, it was reported that the GT3 rate was 11.1%. [17] In the current study, GT3 was the second most common genotype, with 10.7%. This present study was similar to the study in Antalya, but it was observed that it was higher in our country compared to other data. Istanbul is a cosmopolitan city and has intensive touristic activity and migration to this city can explain the differences in HCV genotypes. However, in a study conducted in Kahramanmaras, in the Mediterranean region, the authors reported that the prevalence of GT3 was 46%, obtained the results differed from the country data. [15] Hence, their result has represented the highest rate about GT3 in Turkey.
Although GT1 and GT3 infections are the most common globally, other genotypes are particularly prevalent in low-income countries. GT2 in West Africa and GT4 in Central and North Africa are predominant. The country with the highest prevalence of HCV in the world is Egypt. [10] The especially high prevalence of subtype 4a in Egypt could be the association with unsafe injections during the past schistosomiasis vaccine campaigns, [12] while the dissemination of subtype 4d in Europe likely could be a result of an increase in the number of injection drug users in these areas. [9] In the current study, rates of GT2 and GT4 were found 4.6% and 2.2%, respectively. The GT2 rate in the current study was higher than other studies conducted in most regions of our country. While the genotype 4 rates in our country were usually below 2.2%, it was observed extraordinary high of GT4 rate (32%) in Kayseri, Turkey. [14, 15, 17, 18, [21] [22] [23] This study showed that genotype proportion was related to gender and age of the patients. It was revealed that GT1 and GT2 were more common in females, whereas GT3 and GT4 were more prevalent in males. In a study conducted in chronically HCV-infected 48595 patients in Spain, it was revealed that HCV GT3 and GT4 were closely associated with male gender; in contrast, GT1 and GT2 were associated with female gender. [2] Another study conducted in West European, Russian and Israeli regions displayed also similar results. [7] The reason may be ascribed that female may be more inclined to blood transfusion within the transmission routes and the main genotypes are GT1 and GT2; male may be more inclined to drug use and high-risk sexual practices and the main genotypes are GT3 and GT4. [3] In this present study, it was observed that GT1 was prevalent in the older patients, while GT3 was dominated in the younger patients. These results were found to be consistent with various studies on age and genotype. [7] There are insufficient data about the change of HCV genotypes distribution in Turkey over the years. This present study emerged that although GT1 was still dominant, non-genotype 1 rates were higher in 2013 and 2014 than in 2015 and 2016. Istanbul, is a cosmopolitan and the most crowded city of Turkey, has intensive touristic activity and migration to this city can explain the continuous changes in HCV genotypes.
The limitations of the current study included that transmission route/risk group could not be documented of the patients. It could not be performed subtype classification within GT1 for 37.4% of the samples due to the limited success of subtyping analysis based on 5' UTR. Finally, since it was a retrospective study, it could not be performed nucleotide sequencing.
cOnclusiOn
In the studied population, the majority of patients with HCV infection had GT1 (82.5%), followed by GT3, GT2 and GT4. The epidemiologic trends of HCV infection may be influenced within the next years; the role of the past and present immigration, the increase in drug consume and selection of certain genotypes by the current direct-acting antivirals may lead to changes in HCV genotype distribution.
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